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Patent No Kind Lan Pg Main IPC Filing Notes 
JP 60066993 A 11 

JP 93060920 B 14 C12Q-001/32 Based on patent JP 60066993 

Abstract (Basic) : JP 60066993 A 

Enzyme-aided measurement of body-fluid components uses, in the 
detection system, an oxidoreductase, an electron carrier and a 
reducible colour developer. Interfering substances present in the 
reaction system, both endogenous and exogenous, are previously removed 
in the presence of the oxidoreductase and the electron carrier and in 
the absence of the reducible colour developer and the enzyme that 
directly acts upon the component being analysed. 

Specifically claimed are the cases in which (a) the oxidoreductase 
is one which couples with NAD or NADP; (b) the electron carrier is 
phenazine methosulphate, (deriv. ) or diaphorase; and (c) the reducible 
colour developer is a tetrazolium salt or a combination of oxidising 
metal ions (partic. ferric ions) with chelating agent. 

ADVANTAGE - Accurate measurement in one step with no adverse 
effects of interfering substances involved. 

Derwent Class: B04; D16 

International Patent Class (Main) : C12Q-001/32 

International Patent Class (Additional): C12Q-001/26; C12Q-001/28; 
C12Q-001/30; G01N-033/50 
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SPECIFICATION /529* 

1. TITLE OF THE INVENTION 

METHOD FOR MEASURING COMPONENTS IN BODY FLUIDS 

2. CLAIMS 

(1) A method for measuring components in body fluids, being a method 
for measuring a target component in a body fluid applying an enzyme 
method using an oxidoreductase, an electron carrier, and a reducible 
colorant in a detection system, characterized by eliminating 
intrinsic and extrinsic substances in a body fluid other than the 
target component which participate in the reaction system with an 
interfering effect by reacting beforehand in the absence of enzymes 
directly reacting with the target substance and the reducible 
colorant and in the presence of at least the oxidoreductase and the 
electron carrier. 

(2) A method for measuring components in body fluids according to 
claim (1) , characterized by the oxidoreductase being an 
oxidoreductase which couples with the coenzyme nicotinamide adenine 
nucleotide or nicotinamide adenine dinucleotide phosphate, and using 
said oxidoreductase in an elimination reaction as a counter to 
nicotinamide adenine nucleotide or nicotinamide adenine dinucleotide 
phosphate . 

(3) A method for measuring components in body fluids according to 
*Numbers in the margin indicate pagination in the foreign text. 
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claim (1) , characterized by the electron carrier being phenazine 
methosulf ate or a derivative of same, or diaphorase. 

(4) A method for measuring components in body fluids according to 
claim (1) , characterized by the reducible colorant being a 
tetrazolium salt or a combination of oxidizing metallic ions and a 
chelating agent. 

(5) A method for measuring components in body fluids according to 
claim (4) , characterized by the oxidizing metallic ions being ferric 
ions. 

3. DETAILED EXPLANATION OF THE INVENTION 

The present invention pertains to a method for easily and 
accurately measuring components in a body fluid unaffected by 
intrinsic or extrinsic interfering substances. 

When applying an enzyme reaction by an oxidoreductase requiring 
a coenzyme freed in the reaction process in a method for measuring a 
target component in a body fluid applying an enzyme method in a 
detection system, the target component is measured by finally 
reacting the resulting reducible nicotinamide adenine nucleotide or 
reducible nicotinamide adenine dinucleotide phosphate with an 
electron carrier and a reducible colorant, then assaying the colored 
matter by colorimetry. When applying an enzyme reaction by an /530 
oxidoreductase which does not require a freed coenzyme, but already 
has a coenzyme, the target component is measured by reacting with an 
electron carrier and a reducible colorant, then assaying the colored 



3 



matter by colorimetry. 

Colorimetric assay of a colored matter by applying an enzyme 
method as discussed above to measuring components in blood or serum 
has often been applied in prior art to diagnostic reagents. The 
method indicated by the following reaction formulae, for example, is 
an example in which each reaction proceeds quantitatively, allowing a 
component to be measured by assaying the color of the final formazan 
by colorimetry. 

(1) Target component > derived substance 

dehydrogenase 

(2) Derived substance + NAD(P) + > oxidizable derived 

substance + NAD(P)H+H + 

(3) NAD(P)H+H + + m-PMS > NAD(P) + + m-PMSH 2 

(4) m-PMSH 2 + NTS > m-PMS + (colored) formazan 

where NTB indicates nitrotetrazolium blue, which is a tetrazolium 
compound . 

This reaction system, however, is easily affected by interfering 
substances in a specimen, which can prevent accurate measurement if 
not removed beforehand. If a specimen contains an interfering 
substance which is the same as the derived substance in this reaction 
(1) , this interfering substance reacts together with the derived 
substance from the target component starting with the reaction (2) , 
causing an error in the colorimetry of formazan in the reaction (4) . 
Examples of such interfering substances are intrinsic glucose and 
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extrinsic maltose when measuring a-amylase, and L-glutamine and 
triglycerides when measuring GOT and GPT. 

Prior art has corrected the error in such a case by subtracting 
the absorptance measured for the interfering substances alone from 
the total absorptance measured for all of the target substance and 
the interfering substances. This method, however, requires carrying 
out operations twice, which is both a nuisance and greatly wastes 
reagents . 

Such interfering substances cause measurement error in the same 
way when applying oxidation by an oxidoreductase having a coenzyme in 
its enzyme protein. Hence, eliminating the effect of these intrinsic 
and extrinsic interfering substances is an important technical issue. 

The present invention was designed upon reflecting on these 
circumstances. Its purpose is to provide a method for easily and 
accurately measuring an intended component in a body fluid completely 
unaffected by intrinsic or extrinsic interfering substances. 

Specifically, the essence of the present invention is a method 
for measuring components in body fluids, which is a method for 
measuring a target component in a body fluid applying an enzyme 
method using an oxidoreductase, an electron carrier, and a reducible 
colorant in a detection system, characterized by eliminating 
intrinsic and extrinsic substances in a body fluid other than the 
target component which participate in the reaction system with an 
interfering effect by reacting beforehand in the absence of enzymes 



5 



directly reacting with the target substance and the reducible 
colorant and in the presence of at least the oxidoreductase and the 
electron carrier. 

The oxidoreductase used in the present invention may be either 
an oxidoreductase requiring a coenzyme freed in the reaction process, 
or an oxidoreductase which does not require a freed coenzyme, but 
already has a coenzyme. Next, specific examples will be cited. 
Glycerol dehydrogenase (EC 1.1.1.6) 

Glycerol + NAD + > dihydroxyacetone + NADH 

Glycero- 3 -phosphorate dehydrogenase (EC 1.1.1.8) 

Glycero- 3 -phosphate + NAD + > dihydroxyacetone phosphate + NADH 

Glycero- 6 -phosphate dehydrogenase (EC 1.1.1.4 9) 

Glycero- 6 phosphate + NADP + > dihydroxyacetone -6 -phosphorate + 

NADPH 

Glutaminate dehydrogenase (EC 1.4.1.2.1.4.1.3.1.4.1.4) 

L-Glutaminate +H 2 0 + NAD(P) + > 2-oxoglutarate + NH 3 + NAD (P) H 

and others. All of these are useful for measuring triglycerides, a- 

amylase activity, or transaminase activity. 

Oxidoreductases which do not require freed coenzymes: 

Alcohol dehydrogenase (EC 1.1.99.8) 

Primary alcohol + acceptor > aldehyde + reducible acceptor 

Glycolate dehydrogenase (EC 1.1.99.14) 

Glycolic acid + acceptor > glyoxylic acid + reducible acceptor /531 
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Gluconate dehydrogenase (EC 1.1.99.3) 

Gluconic acid + acceptor > 2 -ketogluconic acid + reducible 

acceptor 

Cholinate dehydrogenase (EC 1.1.99.1) 

Choline + acceptor > betaine aldehyde + reducible acceptor 

Glucosin dehydrogenase (EC 1.5.99.1) 

Glucosin + H 2 0 + acceptor > glycine + formaldehyde + reducible 

acceptor 

and others. All of these react in the presence of an electron 
carrier. 

Electron carriers used in the present invention include 
phenazine methosulf ate, phenazine methosulf ate derivatives such as 
methoxyphenazine methosulf ate, diaphorase, and Meldra blue. 

Examples of reducible colorants used in the present invention 
include tetrazolium salts such as (p-indophenyl) -2 - (p-nitrophenyl ) -5- 
phenyl-2H tetrazolium chloride, 3- (4 , 5-dimethyl-2-thiazolyl) -2 , 5- 
diphenyl-2H tetrazolium chloride, 3 , 3 ' - (3 , 3 ' -dimethoxy-4 , 4 ' - 
biphenylene) -bis [2- (p-nitrophenyl) -5-phenyl-2H tetrazolium chloride] 
(common name: nitrotetrazolium blue), or 3 , 3 ' - (3 , 3 ' -dimethoxy-4 , 4 ' - 
biphenylene) -bis (2 , 5-biphenyl-2H tetrazolium chloride, and 
combinations of ferric ions such as ferric ammonium sulfate or ferric 
chloride and chelating agents such as bathophenanthroline, 
bathophenanthroline sodium sulfonate, 2-pyridyl aldoxime, 3-(2- 



7 



pyridyl) -5, 6-bis (4-sulfonyl) -1 , 2 , 4-triazine sodium sulfonate, 
orthophenanthrolene, 2-nitroso-5- (N-propyl-N-sulf opropylamino) phenyl 
(common name: nitroso-PSAP) , or 2-nitroso-5- (N-ethyl-N- 
sulfopropylamino) phenol . These compositions can be suitably selected 
according to the application. 

A specific example of a detection system to which the method of 
the present invention may be applied is a system using ferric 
ammonium sulfonate and bathophenanthroline sodium sulfonate as 
reducible colorants. Examples of methods comprising colorimetric 
assay of the coloration of the final chelate compound produced by 
such a system are few in prior art; for example, the method described 
in Japan Kokai Patent Publication S54-80192. The reactions indicated 
by the following reaction formulae progress quantitatively, allowing 
a component to be measured by assaying the color of the final chelate 
product by colorimetry. 

(5) Target component > product substance 

dehydrogenase 

(6) Product substance + NAD(P) + > oxidizable product 

substance + NAD(P)H+H + 

electron carrier 

(7) NAD(P)H+H + + 2-Fe 3+ > NAD(P) + + 2-Fe 2+ 

(8) Fe 2+ + 3 (bathophenanthroline sodium sulfonate) > (colored) 

chelate compound 

If a specimen contains an interfering substance which is the 
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same as the product substance of this reaction (5) , this interfering 

substance reacts together with the product substance from the target 

component starting with the reaction (6) , causing an error in the 

colorimetry of formazan in the reaction (8) . 

When measuring a-amylase, intrinsic glucose and extrinsic 

maltose produce NAD (P) H through the following reactions. 

a-glucoamylase 
Maltose > 2 (glucose) 

hexokinase 

Glucose + ATP > glucose-6-phosphoric acid + ADP 

glucose - 6 -phosphate 
dehydrogenase 

Glucose-6-phosphoric acid + NAD(P) + > 6- 

phosphogluconic acid + NAD (P) H 

When measuring triglycerides, intrinsic glycerol produces 

NAD ( P ) H through the following reaction. 

g 1 y c e r o 1 de hy dr oge na s e 
Glycerol + NAD(P) + > dihydroxyacetone + 

NAD ( P ) H 

When measuring GOT and GPT, L-glutamate is reacted by glutamate /532 
dehydrogenase (GLDH) to likewise produce NAD ( P ) H through the 
following reaction. 

GLDH 

L-Glutamate + NAD(P) + + H 2 0 > NAD ( P) H + a-glutaric acid + NH 3 

The following reactions eliminate the NAD (P) H produced by these 
interfering substances when measuring these target components. 
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NAD (P) H + H + + m-PMS 



NAD(P) + + m-PMSH 2 




m-pMSH 2 + 0 2 



» m-PMS + H 2 0 2 



catalase 



H 2 0 2 



* H 2 0 + 1/202 



or 



POD 



{ m-PMSH 2 + 1/202 > m-PMS + H 2 0 

where 0 2 indicates dissolved oxygen 
and H 2 0 2 indicates hydrogen peroxide. 

This NAD (P) H reverts to NAD(P) + , and m-PMSH 2 reverts to m-PMS. 
Thereafter, only water and oxygen are produced in the end if using 
catalase, and only water is produced if using POD. Therefore, the 
effect of the interfering substances is completely eliminated when 
subsequently measuring the target component. 

Specifically, after carrying out the elimination reactions, all 
that need be added is ferric ammonium sulfonate, bathophenanthroline 
sodium sulfonate, and the substrate of starch if measuring a-amylase, 
lipase if measuring triglycerides, and L-asparaginic acid or L- 
alanine and a-ketoglutarate if measuring GOT and GPT. When measuring 
creatinine, intrinsic creatine produces m-PMSH 2 in the presence of p- 
PMS through the following reactions. 



creatine amidinohydrolase 



Creatine + H 2 0 



> glucosin + urea 



sarcosine dehydrogenase 



Sarcosine + H 2 0 + m-PMS 



> glycine + 



10 



formaldehyde + m-PSH 2 
Thereafter, the reactions proceed in the same way using catalase or 
POD to eliminate the interfering substances. Next, adding creatinine 
amidohydrolase, ferric ammonium sulfonate, and bathophenanthroline 
sodium sulfonate can provide accurate measurement when measuring the 
target component. 

In the detection systems (1) to (4) discussed above using 
nitrotetrazolium blue as a tetrazolium salt, intrinsic and extrinsic 
substances or their products which show an interfering effect during 
measurement reactions are oxidized in the presence of dehydrogenase 
to deactivate their interference capacity. NAD(P) + is simultaneously 
reduced to produce NAD (P) H, then oxidized in the presence PMS or m- 
PMS to return to NAD(P) + . At the same time, PMS and m-PMS are reduced 
to produce PMSH 2 and m-PMSH 2 . Dissolved oxygen in the reaction 
solution oxidizes these to return to the original PMS and m-PMS and 
simultaneously produces hydrogen peroxide, but this hydrogen peroxide 
is degraded and eliminated by the effect of catalase. When reacted in 
the presence of peroxidase (POD) , dissolved oxygen oxidizes these to 
return to the original PMS and m-PMS and simultaneously produces 
water. The same reaction through PMS or m-PMS is required even when 
using an oxidoreductase which does not require a freed coenzyme. 

After eliminating interfering substances in a specimen in this 
way, a component can be measured as discussed above with no residual 
effect, allowing accurate colorimetric assay by comparing the color 
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of the component to the color of the formazan or chelate compound in 
the final stage. Because a reducible colorant is present, PMSH 2 and m- 
PSMH 2 in the final stage quantitatively color the formazan or chelate 
compound instead of reacting with dissolved oxygen. The same 
reactions also occur when using diaphorase as an electron carrier, 
allowing different combinations of raw components. 

Thus, the method of the present invention applies an enzyme 
reaction to measure products produced quantitatively in succession 
from the target component using an electron carrier and a reducible 
colorant. This can be applied with marked effectiveness to measuring 
a-amylase, measuring triglycerides, and measuring triglycerides in a 
specimen solution using glycerin dehydrogenase or glycerokinase- /533 
glycerophosphate dehydrogenase . 

Next, the method of the present invention and its effects will 
be discussed in greater detail by working examples and test examples. 

The elimination reactions are expressed as a pretreatment . 
Working Example 1 Measurement of a-Amylase 

The following reaction system can measure a-amylase in a 
specimen. 

a-amylase 

(1) Modified starch > degraded starch 

a-glucoamylase 

(2) Degraded starch > glucose 

hexokinase 

(3) Glucose + ATP > glucose -6 -phosphoric acid + ADP 
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glucose - 6 -phosphorate 
dehydrogenase 

(4) Glucose -6 -phosphoric acid + NAD(P) + > 6- 

phosphogluconic acid + NAD ( P ) H 

m-PMS 

(5) NAD ( P ) H + 2Fe 3+ > NAD(P) + + 2Fe 2+ 

(6) 2Fe 2+ + 6 (bathophenanthroline sodium sulfonate) > (colored) 

chelate compound 

where ATP: adenosine triphosphate 
ADP: adenosine diphosphate 

The chelate compound produced by the reaction (6) is measured 
for absorptance, and a-amylase activity is calculated from the 
result. If the body fluid contains intrinsic glucose or the 
interfering substance of maltose, which is now commonly used as an 
import solution, the reaction (3) or the reactions (2) and (3) 
followed by the reactions (4) , (5) , and (6) produce a chelate 
compound, which produces an error when measuring a-amylase. 

When reacted starting from the reaction (2) in the present 
invention without first adding modified starch in the reaction (1) , 
the reactions (2) , (3) , and (4) convert intrinsic glucose and maltose 
to 6-phosphogluconic acid, which is eliminated. The next reactions 
(5) and (6) do not occur because there is no iron chelating agent, 
and the following reactions occur instead. 

(7) NAD (P) H + H + + m-PMS > NAD(P) + + m-PMSH 2 

(8) m-PMSH 2 + 0 2 > m-PMS + H 2 0 2 
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catalase 

(9) H 2 0 2 > H 2 0 + l/20 2 

POD 

(10) m-PMSH 2 + l/20 2 > m-PMS + H 2 0 

where 0 2 : dissolved oxygen 

H 2 0 2 : hydrogen peroxide 
The reactions (7) to (10) return the NAD (P) H produced by the 
interfering substances to NAD(P) + and return m-PMSH 2 to m-PMS, finally 
producing only water and oxygen if using catalase and only water if 
using POD. Therefore, the interfering substances are eliminated and 
do not affect the subsequent component measurement. That is, carrying 
out the reactions from (1) through (6) after pretreating can 
accurately measure a-amylase. 
1. Reagents 

(1) 100 mmol/L Succinic buffer (pH 8.2) containing 



ATP 5 mmol/L 

NADP+ 0.4 mmol/L 

m-PMS 3 0 pmol/L 

MgCl 2 2.0 mmol/L 

Hexokinase 600 U/L 

Glucose- 6 -phosphate dehydrogenase 500 U/L 

Glucoamylase 4800 U/L 

POD 10,000 U/L 

Bovine albumin 0.1% 



(2) 200 mmol/L Triethanolamine buffer (pH 7.0) containing 
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Bathophenanthroline sodium sulfonate 



10 mmol/L 



Sodium starch glycolate 



7 . 2 mg/mL 



(3) 50 mmol/L Triethanolamine buffer (pH 6.6) containing 



Ferric ammonium sulfonate 



1.25 mmol/L 



Citric acid 



5 mmol/L 



(4) 0.1 mmol/L Triethanolamine buffer (pH 8.6) containing 



Oxalic acid 



5.0 mmol/L 



EDTA-OH 



4 mmol/L 



2. Operating Method 

Twenty pL of a serum specimen were combined with 2 mL of the 
reagent (1) and kept at 3 7 °C for five minutes, then combined with 1 
mL of an equal mixture of the reagents (2) and (3) and kept at 37 °C 
for five more minutes, then combined with 1 mL of the reagent (4) to 
terminate the reaction. Next, the specimen was measured for 
absorptance of the 535 nm wavelength. A separate specimen of known a- 
amylase activity was subjected to the same operations to create a 
calibration curve, and the a-amylase activity of the serum specimen 
was found from this calibration curve. 
Test Example 1 

(1) Effect of Glucose on a-Amylase Measurement 

The method of Working Example 1 was used to measure serum 
specimens containing 200, 400, 600, 800, and 1000 mg/dL 
concentrations of glucose for absorptance. Identical specimens were 
measured separately by a method without the pretreatment of the 
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present invention; specifically, by combining 20 pL of a serum 
specimen with a reagent mixture of 2 mL of the reagent (1) and 1 mL 
of an equal mixture of the reagents (2) and (3) and keeping at 37 °C 
for five minutes, then combining with 1 mL of the reagent (4) to 
terminate the reaction, then measuring for absorptance. The following 
table gives the results. 



Glucose : 
Pretreatment 


0 


200 


400 


600 


800 


1000 


yes 


0.500 


1.135 


1.846 


2 .485 


2.882 


3.090 


no 


0 . 183 


0.188 


0 . 183 


0.181 


0.192 


0.184 



This table shows that glucose had a fairly great effect when the 
pretreatment for intrinsic glucose was omitted, with the result that 
a-amylase activity could not be measured in any true sense. The 
present invention could accurately measure a-amylase activity 
unaffected by even a high concentration of 1000 mg/dL of glucose. 
(2) Correlation of Concentration of a-Amylase Activity to Absorptance 
in the Present Invention 

Fig. 1 shows results of measuring a series of concentrations of 
a-amylase activity for absorptance by the method of the present 
invention. 

This graph shows a linear correlation between a-amylase activity 
and absorptance, demonstrating that a-amylase activity was measured 
accurately. 

Working Example 2 Measurement of Triglycerides 

The following reaction system can measure triglycerides in a 
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specimen. 



lipase 



(1) Triglycerides 



■> glycerol + fatty acids 



glycerol dehydrogenase 



(2) Glycerol + NAD(P) + 



•> dihydroxyacetone + 



NAD (P) H 



diaphorase 



(3) NAD (P) + 2Fe 



3 + 



> NAD(P) + + 2Fe 



2 + 



(4) 2Fe 2+ + 8(nitroso PSAP) 



(colored) chelate compound 



The chelate compound produced by the reaction (6) is measured 
for absorptance, and triglycerides are calculated from the result. 

If the body fluid contains intrinsic glycerol or the interfering 
substance of glycerol used by dialysis patients, this glycerol 
produces an error during measurement . 

In the present invention, reacting glycerol first with glycerol 
dehydrogenase and NAD(P) + produces dihydroxyacetone, which is 
eliminated. Next, diaphorase and peroxidase eliminate the resulting 
NAD (P) H in the same way as the previous reaction, eliminating the 
interfering substance of glycerol . 

Next, the specimen is combined with a reagent containing lipase 
and an iron chelating agent, which can accurately measure 
triglycerides . 
1. Reagents 

(1) 100 mmol/L Triethanolamine buffer (pH 7.8) containing 
NAD + 4 0 mmol/L 
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Diaphorase 4000 U/L 

Peroxidase 80 mg/L 

Glycerol dehydrogenase 20,000 U/L 

Bovine albumin 1 g/L 

(2) 100 mmol/L Triethanolamine buffer (pH 7.8) containing 

Nitroso PSAP 10 mmol/L /535 

(3) 100 mmol/L Triethanolamine buffer (pH 7.2) containing 
Oxalic acid 20 mmol/L 
Ferric ammonium sulfate 10 mmol/L 
Lipase 4 x 10 5 U/L 

(4) 100 mmol/L Triethanolamine buffer (pH 8.6) containing 
EDTA-OH 4 mmol/L 

2. Operating Method 

Five jiL of a serum specimen were combined with 500 mL of the 
reagent (1) and kept at 37 °C for ten minutes, then combined with 250 
pL of each of the reagents (2) and (3) and kept at 37 °C for twenty 
more minutes, then combined with 4 mL of the reagent (4) to terminate 
the reaction. Next, the specimen was measured for absorptance of the 
750 nm wavelength. A separate specimen of known glycerol content was 
subjected to the same operations to create a calibration curve, and 
triglycerides in the serum specimen were found from this calibration 
curve . 
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Test Example 2 

(1) Effect of Glycerol on Triglyceride Measurement 

The method of Working Example 2 was used to measure serum 
specimens containing 20, 40, 60 , 80, and 100 mg/dL concentrations of 
glycerol for absorptance. Identical specimens were measured 
separately by a method without the pretreatment of the present 
invention; specifically, by combining 5 pL of a serum specimen with a 
reagent mixture of 500 mL of the reagent (1) and 250 pL of each of 
the reagents (2) and (3) and keeping at 37 °C for twenty minutes, then 
combining with 4 mL of the reagent (4) to terminate the reaction, 
then measuring for absorptance. The following table gives the 
results . 



Glycerol : 
Pretreatment 


0 


20 


40 


60 


80 


100 


yes 


0.136 


0.312 


0.488 


0.664 


0.0840 


1.016 


no 


0.130 


0.135 


0.133 


0.131 


0.139 


0.130 



This table shows that glycerol had a fairly great effect when 
the pretreatment for intrinsic glycerol was omitted. 
(2) Correlation of Concentration of Triglycerides to Absorptance in 
the Present Invention 

Fig. 2 shows results of measuring a series of concentrations of 
triglycerides for absorptance by the method of the present invention. 
This graph shows a linear correlation between triglyceride 
concentration and absorptance, demonstrating that triglycerides were 
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measured accurately. 

Working Example 3 Measurement of Glutamic-Oxaloacetic Transaminase 

(GOT) and Glutamic -Pyruvic Transaminase (GPT) 
The following reaction system can measure GOT and GPT in a 
specimen using glutamate dehydrogenase (GLDH) . 

GOT 

1. a-Ketoglutarate + L-asparaginic acid > L-glutamate + 

oxaloacetic acid 

GPT 

2. a-Ketoglutarate + L-asparaginic acid > L-glutamate + 

oxaloacetic acid 

GLDH 

3. L-glutamate + NAD(P) + + H 2 0 > NAD ( P) + a-ketoglutarate + NH 3 

m-PMS or diaphorase 

4. NAD ( P ) H + NTB > NAD (P) + formazan 

The formazan produced by these reactions is measured for 
absorptance, and GOT and GPT activities are calculated from the 
result . 

Any L-glutamate contained in serum or plasma as an interfering 
substance reacts with GLDH to produce NAD(P)H, producing an error in 
the measurement of GOT or GPT. 

In the present invention, reacting first with GLDH and NAD(P) + 
converts intrinsic L-glutamate to a-ketoglutarate, which is 
eliminated. Next, the resulting NAD (P) H is eliminated in the same way 
as in Working Example 1, eliminating the interfering substance of L- 
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glutamate . 

Next, the specimen is combined with a reagent containing L- 
asparaginic acid or L-alanine, a-ketoglutarate, and NTB, which can 
accurately measure transaminase (GOT and GPT) activities. 

1. Reagents 

(1) 100 mmol/L Phosphoric buffer (pH 7.8) containing 
Catalase 10,000 U/L 

Glutamate dehydrogenase 40,000 U/L /536 

NAD + 46 mmol/L 

m-PMS 100 pmol/L or diaphorase 4000 U/L 

(2) For measuring GPT: 

100 mmol/L Phosphoric buffer (pH 7.8) containing 
DL-Alanine 800 mmol/L 

a-Ketoglutarate 11 mmol/L 

NTB 1.0 mmol/L 

For measuring GOT: 

100 mmol/L Phosphoric buffer (pH 7.8) containing 
L-asparaginic acid 400 mmol/L 

a-Ketoglutarate 16 mmol/L 

NTB 1.0 mmol/L 

(3) 0.1 N HC1 solution containing 0.1% Triton X-100 

2. Operating Method 

Twenty \ih of a serum specimen were combined with 250 mL of the 
reagent (1) and kept at 37°C for ten minutes, then combined with 250 
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\ih of the reagent (2) and kept at 3 7°C for thirty more minutes, then 
combined with 3 mL of the reagent (3) to terminate the reaction. 
Next, the specimen was measured for absorptance of the 560 nm 
wavelength. 

Separate specimens of known GOT or GPT activity were subjected 
to the same operations to create calibration curves, and the GOT or 
GPT activity in the serum specimen was found from these calibration 
curves . 

Test Example 3 

(1) Effect of L-Glutamate on GOT and GPT Measurements 

The method of Working Example 2 was used to measure serum 
specimens containing 20, 40, 60, 80, and 100 mg/dL concentrations of 
L-glutamate for absorptance. Identical specimens were measured 
separately by a method without the pretreatment of the present 
invention; that is, by combining 20 (jL of a serum specimen with a 
reagent mixture of 250 mL of the reagent (1) and 250 jjL of the 
reagent (2) and keeping at 37 °C for thirty minutes, then combining 
with 3 mL of the reagent (3) to terminate the reaction, then 
measuring for absorptance. The following table gives the results. 



L-Glutamate : 
Pretreatment 


0 


20 


40 


60 


80 


100 


m-PMS 


yes 


0 . 060 


0.073 


0.084 


0.105 


0. 124 


0.150 


no 


0 . 042 


0.040 


0.041 


0.045 


0.044 


0.042 


Diaphorase 


yes 


0.061 


0.073 


0.086 


0.101 


0. 123 


0.150 


no 


0.041 


0.040 


0.042 


0.046 


0.043 


0.042 
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This table shows that L-glutamate had a fairly great effect when 
the pretreatment for intrinsic L-glutamate was omitted, with the 
result that GOT and GPT activities could not be measured in any true 
sense. The present invention could accurately measure GOT and GPT 
activities with no effect by even a high concentration of 100 mg/dL 
of L-glutamate. 

(2) Correlation of Concentration of GOT and GPT Activities to 
Absorptance in the Present Invention 

Fig. 3 shows results of measuring a series of concentrations of 
GOT and GPT activities for absorptance by the method of the present 
invention. 

This graph shows a linear correlation between concentrations of 
GOT and GPT activities and absorptance, demonstrating that GOT and 
GPT were measured accurately. 
Working Example 4 Measurement of a-Amylase 

The following reaction system can measure a-amylase in a 
specimen. 



a-amylase 



(1) Modified starch 



» degraded starch 



a-glucoamylase 



(2) Degraded starch 



■> glucose 



hexokinase 



(3) Glucose + ATP 



-> glucose-6-phosphoric acid + ADP 



glucose- 6 -phosphorate 
dehydrogenase 
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(4) Glucose- 6 -phosphoric acid + NAD(P) + 



» 6- 



phosphogluconic acid + NAD (P) H 



m-PMS or diaphorase 



(5) NAD (P) H + NTB 



-> NAD(P) + + formazan 



where ATP: adenosine triphosphate 
ADP: adenosine diphosphate 

NTB: nitrotetrazolium blue (a tetrazolium compound) 
The formazan produced by the reaction (5) is measured for 
absorptance, and a-amylase activity is calculated from the result. If 
the body fluid contains intrinsic glucose or the interfering 
substance of maltose, which is now commonly used as an import 
solution, the reaction (3) or the reactions (2) and (3) followed by 
the reactions (4) and (5) produce formazan, which produces an error 
when measuring a-amylase. 

When reacted starting from the reaction (2) in the present 
invention without first adding modified starch in the reaction (1) , 
the reactions (2) , (3) , and (4) convert intrinsic glucose and maltose 
into 6-phosphogluconic acid, which is eliminated. The next reaction 
(5) does not occur because there is no NTB, and the following 
reactions occur instead. 

(6) NAD (P) H + H+ + m-PMS > NAD(P) + + m-PMSH 2 

(7) m-PMSH 2 + 0 2 > m-PMS + H 2 0 2 



catalase 



(8) H 2 0 2 



-> H 2 0 + l/20 2 
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POD 

(9) m-PMSH 2 + l/20 2 > m-PMS + H 2 0 

where 0 2 : dissolved oxygen 

H 2 0 2 : hydrogen peroxide 

or 

catalase 

(6') NAD (P) H + H+ + 0 2 > NAD(P) + + l/20 2 + H 2 0 

POD 

(7') NAD (P) H + I/2O2 > NAD(P) + + H 2 0 

diaphorase 

The reactions (6) to (9) or (6') and (7') return the NAD ( P ) H 
produced by the interfering substances to NAD(P) + , finally producing 
only water and oxygen if using catalase and only water if using POD. 
Therefore, the interfering substances are eliminated and do not 
affect the subsequent component measurement. That is, carrying out 
the reactions from (1) through (5) after pretreating can accurately 
measure a-amylase. 
1. Reagents 

(1) 100 mmol/L Succinic buffer (pH 8.2) containing 



ATP 5 mmol/L 

NADP + 0.4 mmol/L 

m-PMS 30 ymol/L or diaphorase 2000 U/L 

MgCl 2 2.0 mmol/L 

Hexokinase 600 U/L 

Glucose -6 -phosphate dehydrogenase 500 U/L 

Glucoamylase 48 00 U/L 



POD 



10,000 U/L 



Bovine albumin 



0.1% 



(2) 50 mmol/L Succinic buffer (pH 6.4) containing 



Triton X-100 



3 mmol/L 



Sodium starch glycolate 



7 . 2 mg/mL 



(3) 0.6 N HC1 solution containing 



Triton X-100 



0.33% 



Citric acid 



5 mmol/L 



2. Operating Method 

Twenty pL of a serum specimen were combined with 2 mL of the 
reagent (1) and kept at 37°C for five minutes, then combined with 1 
mL of the reagent (2) and kept at 3 7°C for five more minutes, then 
combined with 1 mL of the reagent (3) to terminate the reaction. 
Next, the specimen was measured for absorptance of the 600 nm 
wavelength. A separate specimen of known a-amylase activity was 
subjected to the same operations to create a calibration curve, and 
the a-amylase activity of the serum specimen was found from this 
calibration curve. 
Test Example 4 

(1) Effect of Glucose on a-Amylase Measurement 

The method of Working Example 1 was used to measure serum 
specimens containing 200, 400, 600, 800, and 1000 mg/dL 
concentrations of glucose for absorptance. Identical specimens were 
measured separately by a method without the pretreatment of the 



26 



present invention; that is, by combining 20 of a serum specimen 

with a reagent mixture of 2 mL of the reagent (1) and 1 mL of an 

equal mixture of the reagents (2) and (3) and keeping at 3 7 °C for 

five minutes, then combining with 1 mL of the reagent (4) to 

terminate the reaction, then measuring for absorptance. The following /538 

table gives the results. 



Glucose : 
Pretreatment 


0 


200 


400 


600 


800 


1000 


! m-PMS 


yes 


0 .410 


0 . 930 


1.513 


2 . 037 


2 .362 


2.533 


no 


0.150 


0 . 154 


0 . 150 


0.148 


0.157 


0.151 


Diaphorase 


yes 


0.411 


0 .932 


1.508 


2 . 034 


2.370 


2 .540 


no 


0.149 


0 . 155 


0.152 


0.148 


0.151 


0.157 



This table shows that glucose had a fairly great effect when the 
pretreatment for intrinsic glucose was omitted, with the result that 
a-amylase activity could not be measured in any true sense. The 
present invention could accurately measure a-amylase activity with no 
effect by even a high concentration of 1000 mg/dL of glucose. 
(2) Correlation of Concentration of a-Amylase Activity to Absorptance 
in the Present Invention 
Fig. 4 shows results of measuring a series of concentrations of 
a-amylase activity for absorptance by the method of the present 
invention. 

This graph shows a linear correlation between a-amylase activity 
and absorptance, demonstrating that a-amylase activity was measured 
accurately. 



27 



As discussed above, the method of the present invention is very 
useful on the point of eliminating interfering substances in a 
specimen to enable accurate measurement without wasting reagents. 
4. BRIEF EXPLANATION OF THE DRAWINGS 

Figs. 1 to 4 show absorptance on the horizontal axis and serum 
dilutions on the vertical axis. 

The • symbol in Fig. 1 shows a-amylase activity in serum. The • 
symbol in Fig. 2 shows triglyceride concentration. The 0 symbol in 
Fig. 3 shows GOT activity, and the A symbol shows GPT activity. 

The 0 symbol in Fig. 3 shows a-amylase activity in serum. The 0 
symbol in Fig. 2 shows GOT activity, and the A symbol shows GPT 
activity. The 0 symbol in Fig. 4 shows a-amylase activity. 

FIG. 1 
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Serum Dilution 
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FIG. 2 




Serum (Relative Concentration) 



FIG. 3 




Serum Dilution 
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FIG. 4 
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